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Geographic information systems are powerful automated systems for the capture, stor-
age, retrieval, analysis, and display of spatial data. While the systems have been in
development for more than 20 years, recent software has made them substantially easier to
use for those outside the field. The systems offer new and expanding opportunities for
epidemiology because they allow an informed user to choose between options when
geographic distributions are part of the problem.Even when used minimally, these systems
allow a spatial perspective on disease.Used to their optimum level, as tools foranalysis and
decisionmaking,theyareindeedanewinformationmanagementvehiclewitharichpotential
for public health and epidemiology.
Geographic information systems (GIS) are
“automated systems for the capture, storage, re-
trieval, analysis, and display of spatial data” (1).
Common to all GIS is a realization that spatial
data are unique because their records can be
linked to a geographic map. The component parts
of a GIS include not just a database, but also
spatial or map information and some mechanism
to link them together.GIS has also been described
as the technology side of a new discipline, geo-
graphic information science (2), which in turn is
defined as “research on the generic issues that
surround the use of GIS technology, impede its
successful implementation,or emerge from an un-
derstanding of its potential capabilities.”Recently,
GIS has emerged as an innovative and important
component of many projects in public health and
epidemiology,andthisdisciplinarycrossoveristhe
f o c u so ft h i sr e v i e w .
Few would argue that GIS has little to offer the
health sciences.On the other hand,like other new
technologies, GIS involves concepts and analytic
techniquesthatcanappearconfusingandcanlead
to misunderstanding or even overselling of the
technology.Inthisarticle,weattempttobridgethe
gaps between the principles of geographic infor-
mation science, the technology of GIS, the disci-
pline of geography, and the health sciences. Our
intent is to introduce to the epidemiologist a set of
methods that challenge the “visual” half of the
scientist’s brain.
Computers were first applied to geography as
analytical and display tools during the 1960s (3).
GIS emerged as a multidisciplinary field during
the 1970s. The discipline’s heritage lies in cartog-
raphy’s mathematical roots: in urban planning’s
map overlay methods for selecting regions and
locations based on multiple factors (4); in the im-
pact of the quantitative revolution on the disci-
pline of geography; and in database management
developments in computer science.
Several factors combined in the 1970s to rein-
force GIS development. First, computers became
more accessible and less costly. Second, main-
frame computers gave way to minicomputers and
then workstations, which gave great power to the
user and included the access to networks that has
led to its own revolution in technology. Third, the
types of user interface required to operate techni-
cal software changed from batch, command-line,
and remote access to windowing systems and
“point and click” graphic interaction. What had
been expensive, slow, and difficult has rapidly be-
come inexpensive,fast,and easy to use.A final but
essential precondition to GIS development was
thebroadavailabilityofpublicdomaindigitalmap
data,intheformofmapsofthelandscapefromthe
U.S.GeologicSurveyandforcensusareasfromthe
U.S.Census Bureau.The current GIS World Sour-
cebook (5) lists hundreds of system suppliers and
sources of information and catalogs system capa-
bilities. In short, GIS has now come of age, to the
extent that the contributions of a growing number
of parallel disciplines have both influenced and
been influenced by GIS. Other disciplines now
affecting GIS include forestry, transportation
planning, emergency services delivery, natural
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ing, and criminal justice. A wide array of capabili-
ties and information awaits the health scientist
r e a d yt op u r s u ea ni n t e r e s ti nG I S .
In this article, we consider the functional capa-
bilities of GIS and how they can relate to
epidemiology. We then review studies in
epidemiology and health science where GIS has
already made a contribution and introduce the
technologic and analytic background. We review
spatial analytic methods and concepts of use in
epidemiologyandconcludebyexaminingwhatthe
near future holds for technologic changes and
what these changes mean for the study of emerg-
ing infectious diseases and other health applica-
tions.
GIS Functional Capabilities
GIS definitions usually focus on what tasks a
GIS can do rather that what it is. GIS functional
capabilities follow the standard GIS definitions;
therefore, GIS can bring together the elements
necessary for problem solving and analysis.
Data capture implies that 1) data can be input
intotheGISfromexistingexternaldigitalsources;
this is particularly the case when no data exist for
ap r o j e c t ,a n dt h eb a s ed a t am u s tb ea s s e m b l e d
from other studies, public domain datasets, and
images.This usually meansthat GIS mustbe able
to import the most common data formats both for
image-type (raster) and line-type (vector) maps.
2) GIS can capture new map data directly; this
means either that the user can scan the map and
input it into the GIS or trace over a map’s features
using a digitizing tablet and enter them into the
GIS map database. 3) The GIS can accomplish
everything that a regular database system can,
such as enter and edit data and update informa-
tion in the existing database.
Data storage implies storage of both map and
attribute data. Attribute data are usually stored
in a relational database management system con-
tained within the GIS and accessed by a spread-
sheet or query-driven user interface. For storage,
m a pd a t am u s tb ee n c o d e di n t oas e to fn u m b e r s
so that the geometry of the map is available for
query, but also so that the map is stored digitally
inoneormorefiles.Imagemapsareusuallystored
as gridded arrays. Line maps are encoded by any
one of several systems, but usually by using both
the coordinate information and encoded topology,
sothattherelationshipsbetweenpoints,lines,and
areas, such as the adjacency of regions or the
connectedness of lines,are known in advance.The
more efficient and flexible these data formats or
structures, the more operations can be performed
on the map data without further processing.
Data records in GIS can be retrieved in one of
twoways.Therelationaldatabasemanagerallows
searching,reordering,andselectingonthebasisof
a feature’s attributes and their values. For exam-
ple, the user may wish to select out and order
alphabetically the names of all health clinics that
had positive results in more than 10% of their
tests. GIS also allows spatial retrieval. The user
could select all clinics by region, by their latitude,
or by their distance from the capital. The user
could also select all clinics that are more than 10
km from a major road and within 100 m of a river
or lake. In addition, combining searches is possi-
ble.Therecouldbe several data “layers,”for exam-
ple vegetation, rivers, transportation, and
populationofvillages.Asingleretrievalcouldcom-
bine data from each of these layers in a single
query. Layers can also be weighted, so that rivers,
for example, are twice as important as roads in
selecting villages with a population under 500
surrounded by forest.
Display functions include predominantly the
making of maps. Tools must exist for constructing
many types of maps, such as contours, symbols,
shading or choropleth, and sized symbols. Formal
map display often follows a series of more tempo-
rary map images, usually without a strict map
composition, and the result of a test, an analysis,
or a query. In addition, the GIS must be able to
output finished format of maps to a medium,such
as PostScript, on a plotter or printer, or onto pho-
tographic film.
Manytoolsexisttosupportfielddatacollection.
Tasksinwhichancillarydemographicinformation
needs to be input and coregistered are simple.
Habitat associated with a vector (e.g., a snail or a
mosquito)mayneedremotelysenseddata,suchas
vegetation cover or weather data.If thesedataare
georegistered, integration is possible. One of the
most useful functions is called address matching,
inwhichstreetaddresseswithhousenumbersand
street names are automatically placed into an
administrative unit or placed as a dot on the map.
Thus a digital phone list or mailing list of patients
can be merged with the remainder of the data. In
the United States, the Census Bureau’s TIGER
files can usually match 70% to 80% of unedited
address records, and higher percentages if the
address files are proofed and/or the more detailed
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some field projects,the GIS’s abilityto make maps
became the mainstay of the effort, allowing plan-
ning of truck and jeep routes, sequencing field
clinics for optimal routes for visits, and even for
local navigation.The ability to display maps often
goes far beyond their final or use in the laboratory.
Often a GIS image map is more accurate and up
to date than anything available locally.
Existing Applications of GIS in Epidemiology
Epidemiologists have traditionally used maps
whenanalyzingassociationsbetweenlocation,en-
vironment,anddisease(6).GISisparticularlywell
suited for studying these associations because of
its spatial analysis and display capabilities. Re-
cently GIS has been used in the surveillance and
monitoring of vector-borne diseases (7-9) water
borne diseases (10), in environmental health (11-
13), modeling exposure to electromagnetic fields
(14), quantifying lead hazards in a neighborhood
(15), predicting child pedestrian injuries (12), and
the analysis of disease policy and planning (16).
In a recent study in Baltimore County, Mary-
land, GIS and epidemiologic methods were com-
bined to identify and locate environmental risk
factors associated with Lyme disease (7). Ecologic
datasuchaswatershed,landuse,soiltype,geology,
and forest distribution were collected at the resi-
dences of Lyme disease patients and compared
with data collected at a randomly selected set of
addresses. A risk model was generated combining
both GIS and logistic regression analysis to locate
areas where Lyme disease is most likely to occur.
G I Sa l l o w sa n a l y s i so fd a t ag e n e r a t e db yg l o b a l
positioning systems (GPS). Combined with data
fromsurveillanceandmanagementactivities,GIS
and GPS provide a powerful tool for the analysis
anddisplayofareasofhighdiseaseprevalenceand
themonitoringofongoingcontrolefforts.Themar-
rying of GIS and GPS enhances the quality of
spatial and nonspatial data for analysis and deci-
sion making by providing an integrated approach
to disease control and surveillance at the local,
regional, and/or national level.
GIS is being used to identify locations of high
prevalence and monitor intervention and control
programsinareasofGuatemalaforonchocerciasis
(9) and in Africa for trypanosomiasis (17). Spatial
andecologicdataarecombinedwithepidemiologic
data to enable analysis of variables that play
important roles in disease transmission. This in-
tegration of data is essential for health policy
planning, decision making, and ongoing surveil-
lance efforts. For example, as part of the guinea
worm eradication effort,the United Nation’s Chil-
dren’s Emergency Fund placed pumps in villages
m o s ti n f e c t e dw i t ht h ed i s e a s et oe n s u r ea c c e s st o
a safe water supply (18). GIS enabled researchers
to locate high prevalence areas and populations at
risk,identify areas in need of resources,and make
decisions on resource allocation (16).Epidemiologic
data showed a marked reduction in prevalence in
villages where pumps were introduced.
GIS was used in designing a national surveil-
lance system for the monitoring and control of
malaria in Israel (19). The system included data
on the locations of breeding sites of Anopheles
mosquitoes, imported malaria cases, and popula-
tion centers. The GIS-based surveillance system
provided means for administrative collaboration
and a network to mobilize localities in the case of
outbreaks.
In 1985, the National Aeronautics and Space
Administration (NASA) established the Global
Monitoring and Disease Prediction Program at
Ames Research Center in response to the World
Health Organization’s call for the development of
innovative solutions to malaria surveillance and
control (20). A major aspect of the program was to
identify environmental factors that affect the pat-
ternsofdiseaseriskandtransmission.Theoverall
goal of the program was to develop predictive
models of vector population dynamics and disease
transmission risk using remotely sensed data and
GIS technologies.
Remotely sensed data have been used in many
vector disease studies (8,17,21-24). Remote sens-
ing and GIS were used to identify villages at high
risk formalariatransmissioninthe southernarea
of Chiapas, Mexico (8). An earth environmental
analysis system for responding to fascioliasis on
RedRiverBasinfarmsinLouisianawasdeveloped
by integrating LANDSAT MSS imagery with GIS
(22).In Kwara State,Nigeria,a temporal analysis
of Landsat Thematic Mapper (TM) satellite data
was used to test the significance of the guinea
worm eradication program based on changes in
agricultural production (21).
Spatial Analysis and GIS
GIS applications show the power and potential
of such systems for addressing important health
issues at the international, national, and local
levels.Muchofthatpowerstemsfromthesystems’
spatial analysis capabilities, which allow users to
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highlyeffectiveways.Spatialanalysisreferstothe
“ability to manipulate spatial data into different
forms and extract additional meaning as a result”
(25). It encompasses the many methods and pro-
cedures, developed in geography, statistics, and
other disciplines, for analyzing and relating spa-
tial information. Spatial relationships, those
based on proximity and relative location,form the
core of spatial analysis.
Gatrell and Bailey (26) describe three general
types of spatial analysis tasks: visualization, ex-
ploratorydataanalysis,andmodelbuilding.These
range in complexity from simple map overlay op-
erationstostatisticalmodelssuchasspatialinter-
action and diffusion models.The value of maps for
public health analysis has long been recognized;
John Snow’s now classic maps of cholera cases in
relation to the Broad Street pump are a good
example. However, with its extensive data man-
agement and display capabilities,GIS offers much
more than simple mapping. Map overlay opera-
tions allow the analyst to compute new values for
locationsbasedonmultipleattributesordata“lay-
ers”andtoidentifyanddisplaylocationsthatmeet
specific criteria (27). For example, in targeting
locations for mosquito vector control, one might
want to identify areas that have low elevation,
specific types of vegetation favoredby mosquitoes,
and are within 100 m of ponds or other water
bodies. Each of these attributes comprises a dis-
tinct data layer. With GIS, one can create 100-m
buffers around water bodies and then select areas
meeting all three criteria. Display of these areas
on a GIS-generated map has obvious benefits for
planning vector control strategies.
As indicated previously, this general class of
proceduresforweighingandoverlayingmaps,also
known as “suitability analysis,” has been used in
diverse health applications. Typically the criteria
and weights attached to them are specified by the
analyst based on expert knowledge or prior re-
search. Using the computational and visual dis-
play capabilities of GIS, one can then explore the
sensitivity of results to the weights and cutoff
valuesused.Anotherapproachistoemployregres-
sion analysis to generate the linear combination
of factors that best explain spatial variation in
d i s e a s ep r e v a l e n c e .T h ew e i g h t sf r o mt h e
regression model are used to create a composite
index of risk which can then be mapped (7).
Visualizationisalsoanimportanttoolforshow-
ing the change in disease patterns over time.
Animation, embedded within a GIS, is highly ef-
fective indepicting the spread orretreatofdisease
over space and time. A series of animated maps
were created to show the advance of the AIDS
epidemic in the United States as it moved from
and within major cities (28). One could imagine a
similar animated map sequence showing the re-
treat and eventual eradication of a disease like
smallpox. Clearly much more research is needed
in this area, especially research that links anima-
tion to theoretical models of disease diffusion,
within a GIS environment.
V i s u a l i z a t i o nc a nb eu s e di nn o v e lw a y st oe x -
plore the results of traditional statistical analysis.
Displaying the locations of outlier and influential
values on maps and showing variation in values
over space can add a great deal to epidemiologic
research.Although such tools are being developed
and explored, they would benefit greatly from a
closer and more seamless link between statistical
packages and GIS (25).
The second general class of GIS methods ad-
dresses exploratory spatial analysis. These meth-
ods allow the analyst to sift meaningfully through
spatial data, identify “unusual” spatial patterns,
andformulatehypothesestoguidefutureresearch
(26). The quantity and diversity of spatial data in
GIS can be overwhelming: exploratory methods
help the analyst make sense of data and address
“what if” questions. Advances in computing and
graphics technology have made this one of the
mostactiveareasinGIS/spatialanalysisresearch.
Among the most important exploratory meth-
ods for epidemiology and public health are meth-
ods for identifying space-time clusters or “hot
spots” of disease. Openshaw’s geographic analysis
machine (GAM) was an early method that worked
completely within a hybrid GIS.The GAM’s many
applications included an attempt to determine if
spatial clusters of childhood leukemia were lo-
cated near nuclear facilities in Britain (29). The
GAM works with point data on disease cases and
searches at regular intervals for statistically sig-
nificant clusters of disease prevalence. Maps dis-
play the locations of significant clusters, showing
the proximity of clusters to hypothesized
environmental threats such as nuclear facilities.
Although Openshaw’s work was widely criticized
on statistical grounds, it opened the door for an
active body of research on exploratory spatial
analysis of disease.Some of the new methods that
havebeendevelopedasoutgrowthsofOpenshaw’s
approach have been published (30).
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searching for zones or districts of high disease
prevalence. Because areas may differ greatly in
population size, prevalence rates have different
levels of variability and thus reliability (31). Re-
searchers have long used probability mapping to
show the statistical significance of prevalence
rates (32); however, probability mapping does not
give a sense of the actual rates or the populations
on which they are based.An alternative method is
to smooth rates towards a regional or local mean
value using empirical Bayes methods (33). Al-
though GIS and empirical Bayes methods have
developed separately, there is much scope for in-
teraction. For example, GIS can be used to gener-
ate geographically based regional or local means
to which actual rates are smoothed. These might
be based on averaging rates for contiguous areas
(33,34); or they might rely on more complex, mul-
tivariate,spatial clustering procedures that incor-
porate proximity as well as population attributes.
Many methods for exploratory analysis of dis-
ease patterns are not appropriate for infectious
diseases because the methods are essentially
static and assume independence. For infectious
diseases,casesclearlyarenotindependentandthe
diseases move through time and space. In these
situations, one can use spatial autocorrelation
methods and space-time correlograms to explore
the spatial and temporal patterns of infectious
disease spread (35).
These methods provide a general sense of the
speedandgeographicpattern of disease transmis-
sion. Although the methods have not typically
been incorporated in GIS, there is great potential
for doing so, especially with recent advances in
computer animation.
Modeling, the final class of spatial analysis
methods,includes procedures for testing hypothe-
ses about the causes of disease and the nature and
processes of disease transmission. In general,
modeling involves the integration of GIS with
standard statistical and epidemiologic methods.
GIS can assist in generating data for input to
epidemiologic models, displaying the results of
statistical analysis, and modeling processes that
occur over space. The first two points are evident
in recent, regression-based analyses of disease
risk, such as the study of Lyme disease (7). There
GIS was used not only to integrate diverse
datasetsandcalculatenewvariables,suchasslope
and distance from forest, but also to map
geographic variation in disease risk, as predicted
from a logistic regression model.
Other GIS models are more explicitly spatial,
expressing relationships or flows between people
and places. Spatial interaction and spatial diffu-
sion models are of particular relevance to the
study of emerging diseases. Spatial interaction
models analyze and predict the movements of
people, information, and goods from place to place
(36). The flows of people between rural areas,
villages, cities, and countries are all forms of spa-
tial interaction that are central to disease trans-
mission. By accurately modeling these flows, it is
possible to identify areas most at risk for disease
transmission and thus target intervention efforts.
Spatial interaction models reflect two general
principles: that interaction decreases with dis-
tance and increases with population size or “at-
tractiveness.” Given actual flow data, one can
estimate values that show the effects of distance
and population size (or other “attractiveness” fac-
tors) on interaction. The models can then be used
to predict spatial interaction patterns elsewhere.
Although spatial interaction models and GIS de-
veloped separately, some GIS now have spatial
interaction modeling capabilities (37).
Spatial diffusion models analyze and predict
the spread of phenomena over space and time and
have been widely used in understanding spatial
diffusion of disease (38). Such models are quite
similar to spatial interaction models except that
they have an explicit temporal dimension. By in-
corporating time and space, along with basic
epidemiologic concepts, the models can predict
how diseases spread, spatially and temporally,
from infected to susceptible people in an area (39)
and aid in understanding the emergence of infec-
tious disease (40).
Data
Important technical and logistic innovations in
data and data access for GIS are under way and
will come to fruition before the end of the century.
First, and by far the most important, have been
increased access to the Defense Department’s
global positioning systems (GPS), the availability
of inexpensive hand-held devices for using the
system, and the addition of direct-to-GIS data
links to these systems. For a relatively modest
investment,field users can add geographic coordi-
natestotheirdatacollectionfromanywhereinthe
world, at any time, and in any weather. These
systems are so flexible that their antennas can be
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connected to a portable computer on the dash-
board,so that as the user drives along,the path of
the vehicle is permanently recorded in the GIS’s
own data format and displayed on screen with a
1-s update. As these systems have become more
common, they have also gained in precision and
accuracy. It is not uncommon for fixes to be cor-
rected using a process known as differential GPS,
eitherafterthefactbycomputersoftwareorinreal
time, so that each point is recorded to the nearest
meter on the ground. GPS and GIS together have
permanently altered the relationship between
field data collection and data analysis. Data col-
lected in real time can be analyzed the same day
and acted upon immediately.
Similarly, various devices used for capturing
overhead images and photographs have under-
gone a similar revolution. First, technology has
improved, allowing images in the infrared, ther-
mal, radar and other wavelengths to be collected
at higher and higher spatial resolutions. Second,
massive changes in policy have resulted from the
endoftheColdWar.Formerlysecretsatellitedata,
such as the CORONA and Russian spy imagery,
are now broadly available, even searchable on the
Internet. In the United States, the National Air
Photoprogramintendstoremapthecountryevery
5 years at a scale of 1:12,000 with 1-m resolution
and publish the images as CD-ROMs.In addition,
NASA’s largest ever Mission to Planet Earth and
its Earth Observation System will begin to return
unimaginable amounts of information about the
whole earth’s geography and atmosphere well be-
fore the end of the century. The data will be avail-
able to any Internet user and distributed by a set
of active archive centers.
Third, technical issues related to data transfer
have been partially eliminated. This has come
about by the convergence toward sets of industry
standard formats such as GIF and TIF for images
and new national and international digital map
data standards.In addition,efforts are now under
way to standardize reference information about
datasets,termed metadata,so that the equivalent
of a Library of Congress cataloging will be possi-
ble.
Finally, many datasets have become available
that can form at least the skeleton of a new GIS
project almost anywhere in the world.By combin-
ing public domain datasets, such as the Digital
ChartoftheWorldandsatelliteimagery,withGPS
and field data, the claim that data collection and
changes in format constitute 80% of the effort in a
GIS project is rapidly being eroded and replaced
by a mere morning spent surfing the Internet.
Nevertheless,many of the world’s nations are still
poorly mapped at the more detailed spatial scales
required for local analysis.
Hardware
GIShardwarehascontinuedtoimprove.Onthe
high end, workstations have both increased in
power and dropped in price, making this platform
thechoiceforlarge,laboratory-basedGISprojects.
As the GIS software packages have been modified
for the workstation operating systems, most com-
monly UNIX with X-Windows, operations that
were impossible because of computational com-
plexityhavenowbecomecommonplace.Thistrend
will continue to the extent that few technical con-
straints like memory and central processing unit
(CPU) power will exist for GIS. Some tasks, such
asskilledvisualimageidentificationandinterpre-
tation, have been partly or wholly automated. On
the low end, microcomputers have become im-
mensely powerful and fast, easily capable of per-
forming basic GIS operations even on portable
computers. The theme of GIS mobility, added to
satellite and cellular telephone communications,
has permanently transformed the ability to oper-
ate with GIS in the field, and will lead to a new
“data rich” era for epidemiologic study.
In addition,the next generation of systems will
depend on network computing. Networks have
allowed de facto parallel computing within a local
area network. By supporting personal multitask-
i n g ,t h e yh a v ea l l o w e dd a t at ob eh e l di nad i s t r i b -
utedwayandretrievedforuseondemand,andthe
network has built an immensely powerful support
structureforinformationsharing.TheWorld-Wide
Web, for example, can deliver to a workstation-
user free GIS software, data, and information on
how to install and use the system, support for
technical problems, and even an outlet to publish
scientific results.
Software
GIS software has improved remarkably in the
latest generation and will undergo still more
changes. The basic tools of the computer
programmer have undergone a transition from
first generation to object-oriented database and
programming languages,offering some benefits in
program module reusability, improved data
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agesarerewrittentotakeadvantageofthesetools.
The WIMP (windows, icons, menus, and pointers)
interfaces so common today owe their origins to
this technology. Today, the GIS research commu-
nity suggests that as the “desktop metaphor” be-
comes more commonly accepted, increasingly
sophisticated metaphors will take over for organ-
izing computing, including perhaps using maps
themselves to manage the computer rather than
vice versa.
Some changes are far more practical but still of
great value. Most software systems now support
context-sensitive help, electronic manuals, and
automatic installation and update procedures.
Each of these could benefit from intelligent soft-
ware that uses an expert system base and contin-
ues to tailor the system around the GIS operator’s
revealed use. Such software, used over a network,
has been termed an intelligent agent.Most GIS of
the future will use these methods to seek out new
data over the network that relate to your problem,
alert you to mistakes in your data management
and analysis, and perhaps automatically compose
maps and reports at the completion of a project.
Multimedia and hypermedia are also rapidly
becoming a component of GIS software. Multime-
dia allow simultaneous use of text, sound, anima-
tion, and graphics. GIS software has also
developed the ability to interact in many spoken
languages,underdifferent operating systems,and
onmanydifferentcomputers.Theindependenceof
the software and the tasks from particular com-
puter platforms, or even vendors, are a highly
desirable element in a distributed system.
GIS and Public Health
While it holds distinct promise as a tool in the
fight against emerging infectious diseases and
other public health problems; it is not simply the
next widget to come into play. GIS can be seen as
a new approach to science, one with a history and
heritage, a finite and well researched suite of
methods andtechniques,and a research agenda of
its own. It does not fit neatly into the health
scientist’s toolbox.Itrequiresrethinkingandreor-
ganizing the way thatdataarecollected,used,and
displayed. It requires expense, training, and a
climb up a learning curve. It needs maintenance
and support and can be both overwhelming and
threatening to the uninitiated.
On the other hand, the base of research and
scholarship using GIS in the health sciences
cannot be ignored. A first step would be to inte-
grate instruction on GIS into college curricula in
public health. An admirable body of experience in
GIS education already exists, even a thoroughly
tested national curriculum that can be easily
adapted to a new set of demands (41). A second
step would be to seek out more formal links be-
tween the research communities working with
GIS. There are astonishing similarities for exam-
ple in the field requirements for using GIS be-
tween forestry, ecology, archeology and
epidemiology that could provide substantial bene-
fits by the sharing of experiences and the pooling
of resources.
Above all, GIS should be seen as improving the
set of tools to promote public health. Good
epidemiologic science and good geographic infor-
m a t i o ns c i e n c eg oh a n di nh a n d .T h ef u t u r eo fG I S
has already retained a role for the geographically
literate public health expert. Epidemiologists
should seize the opportunity to set their own
agenda and influence the technology and science
toward the goal of public health.
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